IMPORTANCE Surgical options for weight loss vary considerably in risks and benefits, but the relative importance of procedure-associated characteristics in patient decision making is largely unknown.
B ariatric surgery is a safe and effective intervention for the treatment of morbid obesity and its associated comorbidities. A growing literature is available for patient preferences for weight loss treatments, including bariatric surgery. 1, 2 Most existing studies have approached the question of patient preference by taking a procedure-centered focus in which study participants are asked reasons for and against particular procedures. However, little is known about how a patient's preferences concerning the medical and financial nuances of a procedure affect his or her decision to pursue one operation over another. The variation in procedure outcomes, complications, extensiveness of the procedure, weight loss mechanism, and reversibility make the choice of weight loss method a clear example of a preference-sensitive decision. Although existing studies effectively identify which procedure characteristics motivate a particular procedure's selection, no study has adequately provided a quantitative assessment of tradeoffs among characteristics.
In this context, our study makes 2 important contributions to the existing literature. First, it provides a quantitative valuation of the relative importance of procedure characteristics in treatment decisions from the patient perspective using conjoint analysis, a survey-based method designed for evaluating trade-offs across characteristics or attributes. Second, this study complements existing studies on patient preferences for bariatric surgery by using a different starting point. Instead of asking patients about the reasons for or against particular procedures, we ask patients about key procedure characteristics.
Methods
We conducted an online survey to understand patient bariatric surgery preferences. Candidates were recruited from bariatric surgery information sessions throughout the State of Michigan, a state with a slightly greater preference for sleeve gastrectomy (SG) 3 when compared with the national average. 4 The institutional review board of the University of Michigan, Ann Arbor, approved all study procedures, and all participants provided written informed consent.
Conjoint Analysis Methodology
This study used conjoint analysis, a survey-based approach for measuring preferences. 5 The premise of conjoint analysis, originally developed for the marketing and transportation sectors, is that any good or service can be described by its characteristics or attributes, and the extent to which an individual values a particular attribute can be quantified and compared with other attributes. 6 This premise is especially useful when evaluating trade-offs between competing options. The methodologic strength of conjoint analysis is offering a quantitative assessment of the most valued attributes of a good or service. At the same time, the method is not designed to easily compare existing products as a whole. Therefore, the results allow us to compare key aspects of surgical procedures but not to compare the procedures themselves.
Studies using conjoint analysis are increasingly used in health services research to measure preferences for health interventions and public health programs. 7 This method is often used to establish patient, physician, or public preferences for medical care, such as determining which factors parents prioritize when selecting a pediatric medical home. 8 Surgical applications have been used to demonstrate that patients undergoing cataract surgery in the United Kingdom prioritized damage to sight and wait time over surgeon grade 9 and that family physicians in Canada recommended lumbar spinal surgery based on different criteria than the surgeons themselves.
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For this study, we used a discrete choice experiment, a type of conjoint analysis that asks respondents to make a choice among 2 or more alternatives based on component characteristics of the alternatives.
11 Alternatives presented to respondents were hypothetical surgical and medical weight loss profiles. By varying the characteristics of competing profiles, this type of study determines the characteristics most important to a respondent's choice.
Survey Development
To develop the experiment, we followed the recommendations of the International Society for Pharmacoeconomics and Outcomes Research checklist for conjoint analysis applications in health. 12 The first tasks include identifying the research question, determining the attributes and levels of the good or service, constructing the choice task, and determining the experimental design. Key research questions were: (1) Which characteristics of bariatric surgical options are most important to potential patients? and (2) What is the relative value of their importance? An expert stakeholder panel consisting of 12 bariatric program coordinators who had also undergone bariatric surgery in the past was convened to develop a list of the most important attributes considered in choosing a bariatric surgical procedure. These attributes were further refined through 12 patient focus groups held in Detroit, Grand Rapids, and Traverse City, Michigan. Focus group participants (n = 93) had participated in a medical weight loss program or had laparoscopicadjustable gastric banding, Roux-en-Y gastric bypass (RYGB), SG, or duodenal switch procedures. Focus group participants were given a $100 incentive.
Based on the focus groups, 9 attributes of bariatric surgical procedures were included in the final survey (eTable 1 in the Supplement). Levels for the weight loss attribute were expressed in terms of percentage of excess weight loss. The respondent-specific weight loss was calculated using the respondent's reported body mass index and included in the profile descriptions to improve understanding of the weight loss levels. Attributes were defined to reflect a range that would encompass the 4 available bariatric surgical options and medical weight loss as well as include plausible attributes for procedures that may arise in the future.
Using a fractional factorial design, 13 64 full profiles of bariatric surgery procedures were generated. Respondents were randomized to 1 of 8 question blocks. A fractional factorial design is a subset of a full factorial design, chosen to pair each attribute with and against other attributes in the study. Cognitive pretests were conducted to ensure face validity of the survey instrument and comprehensibility of the survey method. We conducted iterative pretests on paper (n = 7) and, after revisions, conducted additional pretests in an online format (n = 10). Respondents were provided pretest questions and were given the option to verbally share comments during the pretest.
The survey instrument contained an introductory section that explained the task and defined the attributes used in the survey. Respondents then answered 1 practice discrete choice question that was not scored and 8 scored discrete choice questions. Discrete choice questions presented 2 hypothetical bariatric surgery profiles. Respondents were asked to select which procedure they would prefer or indicate that they would not choose either procedure (Figure 1 ). An optout option was important to include because patients who initially would consider a surgical option for weight loss may ultimately decide against any available option based on the combination of attributes in the profiles. Finally, respondents provided demographic information and indicated if they found the discrete choice questions difficult to answer and, if so, why.
Study Population and Data Collection
Respondents were recruited at bariatric surgery information sessions. The survey was fielded from May 1, 2015, through January 30, 2016, and took approximately 15 minutes to complete. Respondents were given a $50 incentive.
Statistical Analyses
Data were analyzed from February 1 to June 30, 2016. The primary analysis used an effects-coded conditional logit adjusted for clustering at the respondent level. 6, 14 Stratified analyses were conducted based on sex (male or female), income level (≤$25 000 or >$25 000), and age (<45 or ≥45 years). A secondary analysis was restricted to the 726 respondents (89.1%) who 
How treatment works
Restricts the amount of food that can be eaten at one time and decreases feelings of hunger.
Extensiveness Years treatment available
No recovery needed. This treatment is reversible.
Years

Option 2
Restricts the amount of food that can be eaten at one time, decreases feelings of hunger, and restricts absorption of nutrients from food.
Initial out-of-pocket costs $3000 $10 000
Years
Adverse effects
Diet changes
Malabsorption and nutrient deficiencies, which can result in bone loss, hair loss, etc
Calories are significantly restricted each day and you must purchase special meal replacement products.
None
Risk of complications within 3 years
Weight loss (based on your current weight) To convert pounds to kilograms, multiply by 0.45.
indicated they did not find the conjoint questions difficult to answer. All regression analyses were conducted using Stata software (version 13; StataCorp). An additional analysis used a model in which out-ofpocket cost, risk of complications, total weight loss, and time the treatment has been available were all recoded as continuous variables. Recoding initial out-of-pocket costs as a continuous variable also allowed us to calculate marginal willingness to pay.
Additional analyses recoded certain variables as dichotomous instead of the effects coding. The extensiveness attribute was separated into 2 separate variables, with one based on weeks of recovery and the other based on reversibility. We combined years of treatment into 2 instead of 4 levels as newer (1 and 5 years) and established (10 and 20 years). We separated weight loss into 2 variables based on the amount lost during year 1 and the amount regained during year 2. We combined risk of complication into 2 instead of 4 levels as a low complication rate (0% and 5%) and a high complication rate (20% and 35%).
Finally, we conducted a latent class analysis to determine whether unobserved subgroups were driven by particular attributes more than other respondents. 15 The cluster model of latent class analysis is conducted by introducing dummy variables into the conditional logit model based on the number of classes that may plausibly exist. A maximum likelihood estimation then determines the probability that a respondent would provide the observed responses, and the model that best categorizes the respondents is used. The latent class analysis was conducted using Latent GOLD (version 5.1; Statistical Innovations, Inc).
Results
Survey Respondents
A total of 815 people completed the discrete choice experiment (Table 1) , making this, to our knowledge, the largest study on patient preferences for bariatric surgery to date. 
Attributes
A coefficient value from a discrete choice experiment that is greater than 0 indicates that including that attribute level in a surgical profile makes it more likely that the profile will be selected. For example, the coefficient for loss of 80% of excess body weight is 0.460. This result means a surgical profile was more likely to be selected if it included that attribute level. A coefficient value less than 0 indicates a profile is less likely to be chosen when it included that attribute level. For example, the coefficient for loss of 20% of excess body weight is −0.473. This result means a surgical profile was less likely to be selected if it included that attribute level of loss of 20%. The most significant attributes for respondent choice were resolution of medical conditions (coefficient value for no weight-associated conditions, 0.229; 95% CI, 0.177-0.280), total weight loss (coefficient value for loss of 80% of excess weight, 0.460; 95% CI, 0.373-0.546), and initial out-ofpocket costs (coefficient value for $100 out-of-pocket costs, 0.309; 95% CI, 0.211-0.406) ( Figure 2 and Table 2 ). Resolution of sleep apnea, hypertension, high cholesterol levels, and diabetes made a profile more likely to be chosen, whereas a profile that failed to resolve any of those conditions made it less likely to be selected. Partial resolution of medical conditions did not have a significant influence positively or negatively on a patient's choice of surgery. Each amount of additional weight loss made a surgical profile more likely to be selected, with the loss of 80% of excess body weight as the most significant positive characteristic for the entire study. Each amount of additional cost made a surgical profile less likely to be selected, with an initial out-of-pocket expense of $15 000 as the most significant negative characteristic in the study.
Other attributes had less influence on respondent choice than the 3 described above. Respondent choice was not greatly influenced by how treatment works, the time a treatment has been available, and the required dietary changes, although certain levels of each of these attributes had positive effects on respondent choice. For example, a profile that had been available for 20 years, had 0% or 5% risk of complications, had no adverse effects, or had no dietary restrictions was more likely to be selected. However, these and many other factors had minimal influence on patient preference when compared with total weight loss, medical conditions, and costs.
Stratified Analyses
Men were more likely to accept a treatment that restricts food and decreases hunger ( 
Marginal Willingness to Pay
Respondents were willing to pay more for procedures that resulted in the greater weight loss ($5470 for every 20% of total weight loss) and that resolved weight-related medical conditions ($12 843; Table 2 ). They were also willing to pay higher amounts for a nonreversible procedure with a 2-week recovery time ($10 534) and a procedure with no adverse effects ($7808). Respondents showed the least willingness to pay for attributes such as dietary changes, time the treatment has been available, and how the treatment works.
Market Segmentation
Latent class analysis indicated 3 unobserved groups of respondents ( Figure 3) . The first benefit-focused class was the largest, composed of 312 respondents (38.3%) who were primarily concerned with weight loss and the resolution of weightassociated medical concerns. The second cost-sensitive class was most concerned with out-of-pocket costs and was made up by 256 respondents (31.4%). The decisions of those in the third procedure-focused class of 247 respondents (30.3%) were balanced across all attributes, with slightly greater concern given to how the treatment itself worked. When matched with demographic characteristics, none of the 3 groups were more likely than another to have a particular identity (sex, income, or age).
Discussion
This study uses a novel approach, conjoint analysis, to evaluate the attributes of the 4 most common surgical procedures for weight loss in the United States: RYGB, laparoscopicadjustable gastric banding, SG, and duodenal switch. 17 We find that excess weight loss, initial out-of-pocket costs, and resolution of medical conditions are most important in patient decision making. These preferences differed little by key demographic characteristics, although low-income respondents were more sensitive to costs, younger respondents were more sensitive to excess weight loss, and men were more sensitive to resolution of medical conditions. A marginal willingness-topay analysis showed that respondents were willing to spend several thousand dollars for the most important characteristics, such as high excess weight loss and resolution of medical conditions. One prospective study 18 asked patients the primary reasons for selecting a particular procedure and found different motivations for each; these included safety and least invasiveness for laparoscopic-adjustable gastric banding, the inability to cheat on one's diet for RYGB, and the amount of weight loss for duodenal switch. A retrospective study 19 found similar variability in reasoning: patients undergoing RYGB cited the evidence base and success rate; those undergoing SG referenced recommendations by physicians; and those undergoing laparoscopic-adjustable gastric banding cited the reversibility and less invasive nature. Yet another study 20 found that most patients had made a decision about which procedure to pursue before surgeon consultation and that maximum weight loss was respondents' primary concern. One study 21 specifically evaluated the value that patients place on weight loss and found most patients pursued surgery for health reasons and also had unrealistic expectations of weight loss.
Our latent class analysis aligns with the results of previous studies that ask patients why they choose to avoid certain procedures. [19] [20] [21] These studies have found subgroups of patients who are motivated by 1 or more aspects of a given procedure. Our results show 3 subgroups motivated primarily by cost, by excess weight loss and resolution of medical conditions, or by the reversibility and recovery. As in previous studies, 19 ,20 these subgroups were not easily divided along demographic lines. One unique aspect of our study is the importance of initial out-of-pocket costs in patient preferences. Among highincome countries, the influence of cost may be unique to the United States. Most studies from countries with more universal coverage have not taken this influence into account when measuring patients' choices for bariatric surgery. Findings from the present study suggest that physicians in the United States should strongly take into account the health insurance benefits of their patients.
At present, the 2 most commonly performed operations in the United States are SG and RYGB. Given similar short-term but decreased long-term risks and less technical complexity, SG has become the predominant operation performed in the United States. Furthermore, understanding the concepts of purely restrictive vs a combination of malabsorptive and restrictive regarding how bariatric surgery works has largely been disproven over the last decade. 22 Surgeons are often engaged in conversations with their patients about the risks and benefits of each concept, and patients often present with their own preference for an operation. Patient satisfaction after bariatric surgery is of paramount importance because this decision can lead to significant physical and psychosocial changes. 16 The results would not have predicted the rise in popularity of SG compared with RYGB.
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The most likely explanation for this trend is the recommendation of physicians, for which this study does not account. Variables for each class sum to a total of 1. The variable indicates the fraction of influence that an attribute has over selection of a surgical procedure for someone in a given class.
Limitations
This study has some limitations. The sample was a convenience sample of patients at information sessions in a single state. We do not have information on those who declined to participate in the survey. In addition, respondents completed surveys after participating in information sessions. Therefore, if sessions were biased toward certain risks or benefits, respondent choice could be biased in similar ways. Also, many of the attributes had to be simplified. For example, total weight loss and weight regain were combined. Even after simplifying the list, we had a high number of attributes given that many conjoint analyses will restrict to 5 or fewer attributes. Therefore, the complexity of the choice question may have influenced our results. We were also unable to include many important nonsurgical treatments, such as medications and meal replacements, which would make a worthwhile extension of this study. Finally, the attributes studied herein reflect bariatric surgery at a particular moment in time. The underlying science would no longer be described simply as malabsorption, 22 and we may now include endoluminal therapies.
Conclusions
The decision to choose one weight loss method over another is complex and relies on factors related to the procedures, patient preferences, and how physicians frame choices. This study provides information on which characteristics are most important from a patient perspective and that patients demonstrate heterogeneity in preferences. We often know why patients select one procedure over another, but the hypothetical trade-offs in this study give us the relative importance of these attributes. Recognizing that patients will understand these trade-offs differently can improve the discussion between patient and physician on the risks and benefits of various weight loss options.
eTable 1. Description of Attributes and Levels
Attribute Description Levels
How treatment works
How the treatment helps you lose weight  Reduce calories, increase exercise, behavior modification, and education.  Restricts amount of food that can be eaten at one time but may not decrease feelings of hunger.  Restricts the amount of food that can be eaten at one time and decreases feelings of hunger.  Restricts the amount of food that can be eaten at one time, decreases feelings of hunger, and restricts absorption of nutrients from food.
Extensiveness
Amount of recovery time needed based on the difficulty of the treatment procedure.
 No recovery needed. This treatment is reversible.  You will need one week to recover from the procedure, which includes a small cut to your body and placement of a medical device to make your stomach smaller. This treatment is reversible.
 You will need two weeks to recover from the procedure, which removes part of your stomach. This treatment is not reversible.
 You will need four weeks to recover from the procedure, which makes your stomach smaller and bypasses part of your intestines. The treatment can only be reversed in rare situations.
Years treatment available
How long the treatment has been available to patients 
Side Effects
Common negative side effects that may result from the treatment. These side effects may be present for the rest of your life after treatment.
 None  Nausea, vomiting, difficulty swallowing, acid reflux, stomach pains, intolerances to certain foods.  Dumping syndrome, loose stools, and diarrhea  Malabsorption and nutrient deficiencies which can result in bone loss, hair loss, etc.
Diet changes
There are special diets that must be followed after the treatment in order to maintain weight loss over the long term. After a procedure, the diet is considered a permanent lifestyle change.
 No restrictions.  Calories are significantly restricted each day and you must purchase special food products  You can eat normal foods in smaller portions to avoid side effects, but you must also purchase vitamins the rest of your life  You must avoid foods high in sugar and fat to avoid side effects. You must also purchase supplements like protein shakes and vitamins for the rest of your life.
Initial Out of Pocket Costs
Amount of out-of-pocket costs associated with the treatment and follow-up care in the first year following treatment  $100  $3,000  $500  $5,000  $1,000  $10,000  $2,000  $15,000 a The weight loss attribute was dynamic. Respondents were given a personalized expected weight loss based on their reported BMI. Note: A value greater than 0 indicates that including the associated attribute level makes a surgical profile more likely to be selected.
A value less than 0 indicates that the associated attribute level makes a surgical profile less likely to be selected. 
